Species richness and composition of carabid assemblages were investigated on the ground surface of differently treated (abandoned, commercial and IPM) apple and pear orchards in Hungary. Extensive sampling was carried out by pitfall trapping in 13 apple and 3 pear orchards located in ten different regions. 28 230 individuals belonging to 174 species were collected. Additional four species were collected by trunk-traps and 23 species were found during the review of earlier literature. Altogether 201 carabid species representing 40% of the carabid fauna of Hungary were found in our and earlier studies.
The faunal investigation of apple orchards in Hungary started in 1976 as a part of a comprehensive study "Apple Ecosystem Research". Mészáros et al. (1984) presented a list of many arthropod taxa from five apple orchards while Markó et al. (1995) , Bogya et al. (1999) and Balog et al. (2003) published the list of canopy Coleoptera, Araneae and Staphylinidae species occurring in apple and pear orchards in Hungary. Data on carabid faunal composition of apple orchards in Hungary were presented by Mészáros et al. (1984) -79 species, Markó and Kádár (2003) -62 species and Kádár et al. (2003) -53 species and additional data were given on carabids collected by light traps by Kádár and Szél (1989) and Lövei (1987, 1992) .
In Europe and America several studies gave faunal data on apple orchard inhabiting carabids. Hagley (1974) found 40, Rivard (1974) 64, Pearsall and Walde (1995) 32 species in apple orchards in Canada. Mader (1984) , Gilgenberg (1989) and Heyer (1994) collected 23, 43 and 55 species respectively in apple orchards in Germany. Zelenková and Hurka (1990) found 80 species in four apple orchards in southern part of the Czech Republic, Kasandrova (1970) 65 species from the former Soviet Union (Tambov and Rhyazan regions) while Sciaky and Trematerra (1991) and Paoletti et al. (1995) found 45 and 33 species in Italy.
In the 12 studies in Europe the following species were mentioned as common (in the parentheses the number of papers where the species was mentioned as abundant): Pseudoophonus rufipes (12), Harpalus distinguendus (5), Harpalus tardus (5), Nebria brevicollis (5), Pterostichus melanarius (5), Poecilus cupreus (5), Harpalus affinis (4), Bembidion lampros (3) (Kasandrova, 1970; Domenichini, 1980; Basedow and Dickler, 1981; Gilgenberg, 1986; Daccordi and Zanetti, 1989; Molinari et al., 1990; Zelenkova and Hurka, 1990; Schirra, 1991; Sciaky and Trematerra, 1991; Heyer, 1994; Paoletti et al., 1996; Minarro and Dapena, 2003) .
In the studied orchards in Czech Republic, which is the closest investigated geographical region to Hungary, six species (Pterostichus melanarius, Bembidion lampros, Pseudoophonus rufipes, Poecilus cupreus, Calathus fuscipes, Harpalus affinis) occurred in all four investigated orchards (Zelenkova and Hurka, 1990) . The species with highest activity-abundance were Peudoophonus rufipes and P. versicolor (Zelenkova and Hurka, 1990 ).
Materials and Methods
The samples were collected in 13 apple and three pear orchards in 10 localities representing different regions of Hungary (Fig. 1) . Among the environments surrounding the orchards were hilly areas, with forests (Bakonygyirót, Hárskút, Vámosmikola and Póka-szepetk), lowland areas with agricultural fields (Györgytarló, Kecskemét, Tura, Újfehértó and Szentlôrinc), and a lowland area with flooded forests (Szigetcsép). The exact co-ordinates of the orchards were as follows: Bakonygyirót (Lat. 47°25' N, Long. 17°48' E, UTM: YN15) (conventionally treated commercial apple orchard), Hárskút (Lat. 47°11' N, Long. 17°49' E, UTM: YN12) (abandoned apple orchard), Kecskemét (Lat. 46°54' N, Long. 19°42' E, UTM: CS99) (abandoned apple orchard), Szigetcsép (Lat. 47°16' N, Long. 18°59' E, UTM: CT43) (conventionally treated apple and pear orchards), Tura (Lat. 47°36' N, Long. 19°36' E, UTM: CT97) (conventionally treated apple and pear orchards), Újfehértó (Lat. 47°49' N, Long. 21°30' E, UTM: ET59) (abandoned, 'IPM' and conventionally treated apple orchards), Györgytarló (Lat. 48°12' N, Long. 21°40' E, UTM: EU43) (conventionally treated apple and pear orchards), Szentlôrinc (Lat. 46°3' N, Long. 17°59' E, YM30) (conventionally treated apple orchard), Pókaszepetk (Lat. 46°56' N, Long. 16°58' E, UTM: XM49) (conventionally treated apple orchard), Vámosmikola (Lat. 48°N, Long. 18°52' E, UTM: CU31) (a conventionally treated apple orchard and its edge).
In the conventionally treated orchards broad-spectrum insecticides: mainly organophosphorus insecticides and some pyrethroids, organochlorine and carbamate compounds were used. In Újfehértó four apple orchards were investigated: an abandoned, a conventionally treated and an orchard where integrated pest management (IPM) was used. The fourth orchard was divided into IPM and conventionally treated plots, but in this study was regarded as one orchard. In the IPM orchards, the pest management based on "green" insecticides (insect growth regulators, chitin synthesis inhibitors, Bacillus thuringiensis etc.) and on some "yellow" insecticides (e.g. phosalone) less harmful to insect natural enemies. The description of the orchards is given in Table 1 .
Surface active carabids were collected using covered pitfall traps (plastic glasses, 300 cm 3 in size and 8 cm in diameter) half filled with 33% ethylene glycol in water. Ten traps were placed in most of the orchards, while six, 32 and eight traps were used in Újfe-hértó (1999-2001, 2002) and Vámosmikola (1991 Vámosmikola ( -2001 respectively (Table 1) . Where ten traps were used, five were placed into the centre of the orchards and five at about 10-20 m from the edge. The samples were collected from the end of April till end of October, between 1998 and 2003 (Table 1) .
Additional sampling was carried out using trunk traps in Bakonygyirót, Szentlôrinc, Szigetcsép, Tura, Kecskemét and Györgytarló. The trunk traps (up-turned plastic bottles with cut bottom, 2000 cm 3 in size, fasten tightly to trunks of the trees and filled with 33% ethylene glycol) were used for collecting insects moving down on the surface of the trunks. Five to ten traps were placed in the investigated orchards, at the height of 70 cm. The traps were emptied monthly from April till October. Table 1 The characteristics of the investigated orchards 1998-2001 1998-1998-1998-1998-1999-1998-1998- The commonness of the carabid species in the orchards was approached in three ways: 1) the proportion of individuals of a species in the total catch of the 16 orchards was counted; 2) the sum of the scores was calculated, where the seven most abundant species collected in an orchard were placed in decreasing order, and the dominant species, with highest relative abundance scored 7, the second one 6 etc. The scores from different orchards were summarised by species. The highest possible score, if a species was dominant in all orchards, was (15 × 7) 105. The presence or absence of the species 3) in the orchards was also investigated. The most widely distributed species (which were found in 16 of the 16 investigated orchards) got 100%; the species, which was collected in 12 orchards, got 75% etc.
The identification of the collected carabids based on the works of Freude (1976) and Hurka (1996) .
Results and Discussion
The carabid species collected on the ground surface of the investigated apple and pear orchards are shown in Tables 2 and 3. The orchards were grouped by soil composition. The species collected in orchards with sandy and sandy-loam soils are listed in Table  2 ; and the species collected in orchards with clay and clay loam soils are shown in Table 3 .
In the investigated 13 apple orchards 24 016 individuals belonging to 155 species were found, while in the three pear orchards 3 217 individuals belonging to 87 species. Altogether 28 230 individual belonging to 174 carabid species were collected by pitfall trapping.
The species with higher relative abundance than 5% are shown in Table 4 . The number of collected specimens and the total species richness are also given. The species richness of the investigated carabid assemblages varied between 23 and 76, the average species richness was 43 species (Table 4) . As the sampling effort was not too high, the realistic species richness values must be those higher than average.
The indication of the common carabid species, typical in apple and pear orchards based on three methods: on their proportion in the total catch of the investigated orchards; on the scoring of the seven commonest species in the different orchards (total scores) and on their presence in the orchards (distribution).
The most abundant species, with the proportion almost 50% in the total catch, was Pseudoophonus rufipes (46%) followed by Harpalus distinguendus (11%), Pterostichus melas (6%), Harpalus tardus (4.3%), Calathus erratus (3.6%) and Calathus fuscipes (2.3%). More than 70% (73.2) of the carabid specimens collected in apple and pear orchards belonged to this five species. Other species with higher proportion than 1.0% were: Amara aenea (1.8%), Pseudoophonus griseus (1.7%), Harpalus serripes (1.5%), Amara familiaris (1.5%), Calathus ambiguus (1.3%), Harpalus affinis (1.3%), Pterostichus melanarius (1.3%). This 13 species gave the 83.6% of the total catch.
The species, which dominated the carabid assemblages in the local orchard habitats (with the total scores), were Pseudoophonus rufipes (96), Harpalus distinguendus (47), Table 2 List of carabid species occurring on the soil surface of apple and pear orchards with sandy and sandy-loam soil and the years of collection 1998-2001 1998-2000 1998-2001 1998-2001 1998-2000 1998-2000 1999-2001 1999-2001 1999- 1998-2001 1998-2000 1998-2001 1998-2001 1998-2000 1998-2000 1999-2001 1999-2001 1999- Bembidion femoratum (Sturm, 1825) 98, 99, 00
Bembidion gilvipes (Sturm, 1825) 1998-2001 1998-2000 1998-2001 1998-2001 1998-2000 1998-2000 1999-2001 1999-2001 1999- 1998-2001 1998-2000 1998-2001 1998-2001 1998-2000 1998-2000 1999-2001 1999-2001 1999- 
Table 3
List of carabid species occurring on the soil surface of apple and pear orchards with clay and clay loam soils and the years of collection Table 4 Relative abundance (%) and the total scores of the most abundant carabid species; the total catch and the species richness in the investigated apple and pear orchards in Hungary.
Relative abundance lower than 5% were marked with + (Fazekas et al., 1992) and Harpalus froelichii, Harpalus flavescens, Calathus ambiguus and Harpalus hirtipes in the sandy orchard habitats of Kecskemét (Markó and Kádár, 2003) . Anisodactylus signatus was found as a common species in Újfehértó (Fazekas et al., 1997) and Asaphidion flavipes in Mátészalka . From these species Harpalus flavescens is typical and in some localities common in the sandy lowlands between the rivers Danube and Tisza, but its incidence in the other parts of Hungary is very sporatic (Szél, 1996) . The trunk-traps collected four species, which were not encountered by us in pitfall traps: Dromius spilotus (Illiger, 1789) (in Bakonygyirót), Demetrias atricapillus (Linnaeus, 1758) (in Szentlôrinc) and Dromius linearis (Olivier, 1795) and Harpalus tenebrosus (Dejean, 1829) (in Kecskemét). Mészáros et al. (1984) Kádár et al. (2003) reported two additional species, not found by us: Bembidion biguttatum (Fabricius, 1779) and Diachromus germanus (Linneaus, 1758) from soil samples and pitfall traps. Zilahi-Sebess (1955) and Markó et al. (1995) published data on Coleoptera species collected from the canopy of apple orchards. Two carabid species were found only by them: Lebia humerealis Dejean, 1825 and Microlestes fissuralis (Reitter, 1900) .
Altogether, as a result of our and the reviewed investigations, we can conclude, that 201 carabid species, representing 40% of the carabid fauna of Hungary, were found in apple and pear orchards. Lövei (1987, 1992) and Kádár and Szél (1989) collected additional species by light trapping. These photoactive species are attracted to the light traps from longer distance and therefore they cannot be regarded as elements of the orchard carabid fauna (Basedow and Dickler 1981, Yahiro and Yano, 1997) .
Some of the 174 carabid species collected are known as rare or only local in Hungary. The species which are very rare and has been found only in a few places in Hungary were: Amara cursitans (Zimmermann, 1831), Harpalus progrediens Schauberger, 1922 , Notiophilus pusillus Waterhouse, 1833 , Olisthopus rotundatus (Paykull, 1790 , Pangus scaritides
